Changes in performance traits in beef cattle over the last 30 yr necessitate the reevaluation of central testing procedures to ensure that they are cost effective and appropriate for current test objectives. 
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use with cows (Buchanan and McPeake, 1986) , shortening the test period, if accurate information codd be obtained, would be advantageous. One alternative would be to feed a moderate-energy diet that allows young bulls to express genetic merit for rapid early growth without becoming overly fat. Changing the energy density of the diet might alleviate the problem of excessive fat, but problems of unsound feet and legs likely would still exist. Therefore, the objective of this study was to evaluate the potential for reducing the length of evaluation of postweaning feedlot bull performance tests from 140 d to 112 or 84 d using data from tests in which a rnoderateenergy diet has been fed.
Materials and Methods
Data used for the evaluation were the postweaning feedlot performance test records (collected from 1977 to 1986) on 1,830 individually fed bulls. Bulls were evaluated in the University of Arkansas Cooperative Bull Tests at Fayetteville (one test per year), Hope (two tests per year), and Monticello (one test per year). Bulls were evaluated in a total of 40 140-d tests.
Bulls representing 13 breeds (n > 25) were included. Breeds evaluated were Hereford, similar to the SE of 1.2 d reported by Kemp (1990) in bull test data (n = 401) with an age range of 180 to 270 d. Upon arrival, bulls were identified individually and sorted by weight into groups of 10. Groups were assigned randomly to exercise lots. Within lots, each bull was assigned randomly to an individual feeding stall. Bulls were allowed a 21-d adjustment period before the start of the test to minimize pretest environmental differences. Each bull was placed in a feeding stall for 2 h in the morning and for 2 h in the afternoon. Individual intake was measured by weighing the feed and orts each day. Shrunk weights were taken evely 28 d after withholding feed and water overnight.
At each location each year, the diet was 33% cottonseed hulls, 43% cracked corn, 9% crimped oats, 14% cottonseed or soybean meal, 1% calcium carbonate, and 2,200 IU vitamin A per kilogram of feed on an air-dry basis. As formulated (NRC, 1976) , the diet by calculation contained 1.6 Mcal N&,,, .9 Mcal NEg and 12% CP per kilogram of DM. Water and a mineral mixture were provided free choice in exercise lots.
Bulls were selected for evaluation according to each breeder's own criteria. As discussed by Brown et al. (1980) , this presents the possibility that breed samples may differ because breeders use different criteria in choosing bulls to be evaluated. There were no minimum requirements of preweaning performance for bulls entering the test. Producers were encouraged to nominate only bulls qualifying for entry in a national breed association registry. Choices among bulls ma& by breeders were by visual appraisal, which is not correlated closely with the traits measured in this study (Brown et al., 1980) . Regardless of the nonrandom method of selection used in this study, bulls evaluated were the population with records available for purchase by commercial producers.
Data were analyzed by fitting models for ADG, daily feed intake (FI) and feed conver- 
Results and Dlscusslon
FCONV1-140 by breed are found in Table 1 . It is beyond the scope of this paper to separate these breeds for these traits. However, it seems that some differences may exist among breeds. The comparison of breed means for these traits merits a separate study (Chewning et al., 1990) . Hedrick, 1972; Dikeman, 1973) . Part of this difference in efficiency also is due to an increased weight to maintain. Objectives of a central test station must be clearly defined and the procedures of the station must be designed to accomplish these objectives (Neumann, 1977 Brown et al. (1972) , are illustrated (Figure 1) Most stations are reporting some measure of long-bone growth, such as height at hip or wither, which is an indicator of mature size. If mature size becomes a problem, then further differentiation among the four growth patterns may be necessary so that cattle of different patterns can be mated to match mature size to production resources on the farm. If this is the case, then the testing procedures should provide for feeding beyond 140 d or provide a frequent measure of body composition so that the upper point of inflection on the growth curve of each bull is identified and reported to producers.
Growth patterns of cattle used in studies by Knapp et al. (1942) , Shelby et al. (1960) , Swiger et al. (l%l) , and Swiger and Hazel (1961) may have been such that these workers were evaluating mature size. When Dearborn and Dinkle (1959) suggested that selection for 168-and 1964 weights would yield more improvement than selection for postweaning gain due to higher heritabilities, they may have been testing mame size; mature size tends to be more highly heritable (65%; Falconer, 1981) , than postweaning gain (45%; Taylor, 1984) . These higher estimates likely are due to the maturation pattern of the cattle they studied. Ensminger (1976) suggested that production testing programs that stop before 408 kg may lead to the selection of animals that w i l l not grow lean tissue to heavier weights. Au breeds except Polled Hereford, Brahman, Brangus, Beefmaster and Charbray (all but one being Brahman or Brahmanderived breeds) achieved this 408-kg weight by d 84. All breeds that did not achieve this weight weighed within 9 kg of this weight at d 84. Lasley (1987) recommended that bulls be fed at least 140 4 but again this was based on work with early-maturing types of cattle. If the objective of the test is to identify late-maturing cattle, then a measure of body condition should be taken frequently to identify when fat deposition begins. Another method to identify maturity would be to monitor gains and intake more closely (i.e., less than 2 8 d periods) to identify when bulls reach their upper inflection point. Lack of accuracy of the models for ADGl-140, FI1-140, and FcoNv1-140 using information up to d 84 likely is due to differences inclusive days considered within the 140-d trial.
in growth curves among individuals and@) breeds. If the majority of bulls reach the upper inflection point in their growth c w e shortly before or d e r d 112, the ability to capture any variation caused by that physiological process would be hindered. Consequently, the usefulness of any information collected after that point in terms of gain (without regard for maturity) is suspect in terms of usefulness; yet, such information about degree of maturity is not readily available in most central bull tests. Table 8 contains r, for ADG, FI, and FCONV among periods. These coefficients were calculated for all bulls regardless of breed, test location, season, or year. Consequently, they reflect differences caused by these effects in addition to rank performance. These rs probably would be larger if they were calculated within breed and test; however, their usefulness in terms of application would be limited. Kemp (1990) also reported that bull performance ranked similarly for absolute growth rate (ADG) among three test periods.
These rank correlations are similar in magnitude to the phenotypic currelations obtained by Buchanan and McPeake (1986) . As presented in Table 9 , increases in variation of ADG, selecting for rapid growth has increased the matme size of many breeds of cattle; this, consequently, has a negative impact on reproductive performance of the female and produces feedlot cattle with excessive carcass weights. The negative impact on reproductive performance of the female is manifested in two areas: 1) a larger size increases nutritional requirements of the cow, in many cases beyond that which can be supported by a specific set of feed resources (Buddenberg et al., 1989) and 2) a larger size delays puberty in the heifer ( 0 ' -and Dyer, 1978) . This does not diminish the importance of identifying high-performance cattle.
Most testing stations are providing some measure of long-bone growth (frame score) as an indicator of mature size. Frame scores (height at hips or shoulders) generally are reported and are constant over ages (Taylor, 1984) . Therefore, a frame score for a particular bull should be -the same regardless of whether the measurement is obtained at d 84, d 112, or d 140. As a criterion for the selection of animals, no linear measurement of height should be interpreted as a replacement for the weight of an animal at a specific age. Instead, height data should be used only as a supplement to growth data. No specific size of animal is best for the feed resources, breeding systems, and production costs on all farms.
Reproductive efficiency and the market will determine the optimum size of an animal within a given set of production resources Schwark et al., 1972; Johnson et al., 1974) ; the coefficient of heritability of scrotal circumference is high (.68; Coulter, 1979) . Scrotal circumference should readily respond to selection pressure. Also, the relationship of scrotal circumference to some reproductive traits in female cattle has been discussed by Toelle and Robison (1985) . Scrotal circumference influences age at puberty in females (Brinks et al., 1978; Lunstra, 1982) . In general, as scrotal circumference increases, age at puberty in heifers decreases (Toelle and Robison, 1985 The Society of Theriogenology has a standard breeding soundness evaluation for beef bulls in which scrotal circumference receives considerable emphasis (Smith et al., 1989) . This evaluation provides for observations on bulls at 12 mo of age. Average initial test ages in these data allow bulls to be at least 12 mo of age by d 112 of test. There is a positive relationship between body condition and scrotal circumference (Chewning et al., 1988) . Coulter and Foote (1977) reported that cumference measurements 2 to 3 cm greater than bulls in good body condition. Chewning et al. (1988) reported least squares estimates for the effects of initial test weight, backfat, and average daily gain on scrotal c i r d e rence. These estimates could be used to adjust scrotal circumference measurements for these effects, Scrotal circumference has been shown to be a more accurate indicator of puberty in bulls than either age or weight, regardless of breed or breed cross (Lunstra, 1982) . Coulter and Foote (1977) reported that the testes tended to reach mature size more rapidly than heavily fitted, 2-yr-0ld bulls had scrotal cirbody weight. This is important considering that mature size (weight) increases as ADG increases. Latimer et al. (1982) reported that liveestimated fat thickness and longissimus muscle area were not correlated with yearling scrotal circumference. However, Latimer et al. (1982) found that yearling scrotal dimensions were correlated positively with weaning and yearling growth waits. Based on available data, bull selection on scrotal circumference should result in early puberty in the female. Selection on ADG or frame score should result in larger size and slower maturation, consequently resulting in delayed puberty in the female. This problem of interpreting test station results will be the same regardless of whether the test is 112 d or 140 d Lunstra et al. (1978) concluded that scrotal circumference may be a simple method of assessing puberty in beef bulls, regardless of differences in age, weight, and breed.
In many stations ultra-sound techniques are used to obtain live estimates of carcass composition, resulting in genotypes that improve cutability in cattle. This is likely due in part to bulls of larger sue having slower maturing rates resulting from the selection pressure €or ADG. Larger cattle with slower maturation rates are leaner than smaller, earlier-maturing cattle at comparable ages (Boggs and Merkel, 1984) . In many cases, carcass weights are excessive, leading to problems with size of cuts at the retail counter. producers and test station managers must consider the impact of animal size in the schematics of production. Failure to recognize the negative impact of extremes in size will have detrimental effects on reproduction and carcass traits.
Additional research is needed to evaluate growth patterns of test station bulls in systems of production so that recommendations can be made regarding the correct match of genetic resources to production resources. The systems approach must be regional because production resources differ among regions of the country. The match of genetic resources to production resources is critical in improving reproductive efficiency in female cattle and producing feedlot cattle with desirable carcasses. Further investigation of the concept of relative growth rate as a trait for selection is suggested Kemp, 1990) . Perhaps central testing stations should emphasize performance levels within growth patterns that are commensurate with production resources, management level, size of end product, and product quality. However, some compromises are involved when establishing guidelines for cooperative testing programs. Other studies on modem cattle types in other environments are needed, and test supervisors need to consider the objectives of their tests when deciding the appropriate length for their testing period.
lmpllcatlons
For selecting bulls for postweaning feedlot performance tests based on growth traits independent of growth pattern, tests can be shortened to 112 d. However, if degree of maturity or growth pattern is of interest, additional observations are required-Scientists, extension specialists, and producers need to consider the objectives of their tests when deciding the appropriate length for their testing period.
